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of down-regulated control mechanisms. ANGPT2, both as
circulating factor and at the lung level, represents a much
more direct indicator for the pathogenic mechanism under-
lying COVID-19 acute respiratory distress syndrome and
therefore is, in our view, a more powerful candidate prog-
nostic factor. Not less important, two tests 3 days apart may be
simpler and more affordable than the complex low vascular
signature proposed.
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We thank Melegari et al for their letter and their interest
in our article. Our study derived a 22-protein vascular injury
signature based on blood proteins’ association with both
mortality and platelet level and showed that this signature
correlated with clinical (eg, mortality and recovery) as well
as pathophysiological [eg, platelets, angiopoietin 2
(ANGPT2), and necrotic vascular cell death] readouts
throughout the time course of coronavirus disease 2019
(COVID-19) acute respiratory distress syndrome (ARDS).1

Notably, the data demonstrated that this association held
even when noneCOVID-19 ARDS subjects were included
in the analysis.

Melegari et al suggest that serial measurements of
ANGPT2 separated by 3 days are a more feasible prog-
nostic biomarker for COVID-19 than the baseline mea-
surement of the 22-protein signature derived in the
mentioned article.1 After a multivariable adjustment, a
twofold increase in ANGPT2 over 3 days accurately pre-
dicted mortality in a mixed disease severity cohort of
COVID-19 subjects.2 These findings fit nicely with the
robust literature linking ANGPT2 and prognosis in sepsis/
acute lung injury: ANGPT2 has been linked to prognosis in
sepsis3,4 and ARDS,5 including a large meta-analysis.6

Serial ANGPT2 measurements have similarly been linked
to ARDS prognosis in noneCOVID-19 infectionerelated
acute lung injury,7 further supporting ANGPT2 as a
robust prognostic biomarker. Although the reported protein
signature is in part defined by its association with patient
mortality, it was not primarily intended for clinical prog-
nosis applications.

Instead, these findings better fit within a growing body of
evidence linking the Tie2/angiopoietin axis with platelet
activation in systemic inflammation and acute lung injury.
Disruption of the endothelial Tie2 axis has been shown to be

inated intravascular coag-
g preceding signs of overt

platelet consumption and Tie2 activation working to
normalize prothrombotic responses.8 More recently, alter-
ations in the Tie2/angiopoietin axis have been linked to the
procoagulant endothelial dysfunction in severe COVID-19.9

Our article offers a relevant complement to these findings in
several ways. First, it links the dysregulated Tie2/angio-
poietin axis to platelet level and blood markers of coagul-
opathy in a diverse ARDS cohort (COVID-19 as well as
bacterial and influenza ARDS), demonstrating the clinical
relevance of aberrant vascular activation and coagulopathy
to a general ARDS population. And second, by including
ARDS subjects with diverse etiologies of low platelet levels
(eg, lack of platelet production in patients with malignancy),
the link between the Tie2/angiopoietin axis and platelet
level can be generalized to noneplatelet-consumptive
ARDS processes. As platelets are essential sources of
angiocrine factors, including the endothelial-stabilizing
angiopoietin-1 and angiogenic factors platelet-derived
growth factor-A and platelet-derived growth factor-B, defi-
ciency in these factors may reflect an inherent vascular
1337
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vulnerability in these malignancy patients with low platelets
who develop ARDS.10

Although the study was not a prognostic biomarker study,
it may still inform patient selection for future vascular tar-
geted therapies in ARDS. Previous vascular targeted trials in
ARDS have failed,11e13 likely due to inclusion of ARDS
subjects with minimal vascular injury. Conversely, our
vascular injury signature demonstrates that in select ARDS
subjects, low expression of important vascular proteins is
linked to increased blood and lung microvascular ANGPT2
expression as well as platelet-rich microthrombi and in-
duction of necrotic vascular cell death. More important,
these ARDS subjects with high vascular injury are readily
identifiable by their baseline platelet counts, which are
routinely measured in clinical practice and may offer a
simple strategy for patient enrollment in clinical trials.
However, further studies are necessary to identify an
optimal cutoff for patient stratification in this context.

In conclusion, both types of investigation discussed herein
are essential to improve understanding of vascular injury in
acute lung injury: Melegari et al have added to the rich liter-
ature identifying ANGPT2 as a powerful ARDS prognostic
biomarker; whereas, our study contributed to the molecular
characterization of the vascular injury heterogeneity inARDS
and might help future scientists better identify high vascular
injury subjects for targeted therapies.

References

1. Price DR, Benedetti E, Hoffman KL, Gomez-Escobar L, Alvarez-
Mulett S, Capili A, Sarwath H, Parkhurst CN, Lafond E, Weidman K,
Ravishankar A, Cheong JG, Batra R, Büyüközkan M, Chetnik K,
Easthausen I, Schenck EJ, Racanelli AC, Reed HO, Laurence J,
Rafii S: Angiopoietin 2 is associated with vascular necroptosis in-
duction in coronavirus disease 2019 acute respiratory distress syn-
drome. Am J Pathol 2022, 192:1001e1015

2. Villa E, Critelli R, Lasagni S, Melegari A, Curatolo A, Celsa C,
Romagnoli D, Melegari G, Pivetti A, Di Marco L, Casari F, Arioli D,
Turrini F, Zuccaro V, Cassaniti I, Riefolo M, de Santis E,
Bernabucci V, Bianchini M, Lei B, d’Errico A: Dynamic angiopoietin-
2 assessment predicts survival and chronic course in hospitalized pa-
tients with COVID-19. Blood Adv 2021, 5:662e673

3. Siner JM, Bhandari V, Engle KM, Elias JA, Siegel MD: Elevated
serum angiopoietin 2 levels are associated with increased mortality in
sepsis. Shock 2009, 31:348e353
1338
4. Kümpers P, van Meurs M, David S, Molema G, Bijzet J, Lukasz A,
Biertz F, Haller H, Zijlstra JG: Time course of angiopoietin-2 release
during experimental human endotoxemia and sepsis. Crit Care 2009,
13:R64

5. Gallagher DC, Parikh SM, Balonov K, Miller A, Gautam S, Talmor D,
Sukhatme VP: Circulating angiopoietin 2 correlates with mortality in a
surgical population with acute lung injury/adult respiratory distress
syndrome. Shock 2008, 29:656e661

6. Li F, Yin R, Guo Q: Circulating angiopoietin-2 and the risk of mor-
tality in patients with acute respiratory distress syndrome: a systematic
review and meta-analysis of 10 prospective cohort studies. Ther Adv
Respir Dis 2020, 14:1753466620905274

7. Calfee CS, Gallagher D, Abbott J, Thompson BT, Matthay MA,
ARDS Network NHLBI: Plasma angiopoietin-2 in clinical acute lung
injury: prognostic and pathogenetic significance. Crit Care Med 2012,
40:1731e1737

8. Higgins SJ, De Ceunynck K, Kellum JA, Chen X, Gu X,
Chaudhry SA, Schulman S, Libermann TA, Lu S, Shapiro NI,
Christiani DC, Flaumenhaft R, Parikh SM: Tie2 protects the vascula-
ture against thrombus formation in systemic inflammation. J Clin
Invest 2018, 128:1471e1484

9. Schmaier AA, Pajares Hurtado GM, Manickas-Hill ZJ, Sack KD,
Chen SM, Bhambhani V, Quadir J, Nath AK, Collier A-RY, Ngo D,
Barouch DH, Shapiro NI, Gerszten RE, Yu XG; MGH COVID-19
Collection and Processing Team, Peters KG, Flaumenhaft R,
Parikh SM: Tie2 activation protects against prothrombotic endothelial
dysfunction in COVID-19. JCI Insight 2021, 6:e151527

10. Price DR, Hoffman KL, Oromendia C, Torres LK, Schenck EJ,
Choi ME, Choi AMK, Baron RM, Huh J-W, Siempos II: Effect of
neutropenic critical illness on development and prognosis of acute
respiratory distress syndrome. Am J Respir Crit Care Med 2021, 203:
504e508

11. National Heart, Lung, and Blood Institute ARDS Clinical Trials
Network, Truwit JD, Bernard GR, Steingrub J, Matthay MA, Liu KD,
Albertson TE, Brower RG, Shanholtz C, Rock P, Douglas IS,
deBoisblanc BP, Hough CL, Hite RD, Thompson BT: Rosuvastatin for
sepsis-associated acute respiratory distress syndrome. N Engl J Med
2014, 370:2191e2200

12. Taylor RW, Zimmerman JL, Dellinger RP, Straube RC, Criner GJ,
Davis K, Kelly KM, Smith TC, Small RJ; Inhaled Nitric Oxide in
ARDS Study Group: Low-dose inhaled nitric oxide in patients with
acute lung injury: a randomized controlled trial. JAMA 2004, 291:
1603e1609

13. Liu KD, Levitt J, Zhuo H, Kallet RH, Brady S, Steingrub J,
Tidswell M, Siegel MD, Soto G, Peterson MW, Chesnutt MS,
Phillips C, Weinacker A, Thompson BT, Eisner MD, Matthay MA:
Randomized clinical trial of activated protein C for the treatment
of acute lung injury. Am J Respir Crit Care Med 2008, 178:
618e623

https://doi.org/10.1016/j.ajpath.2022.06.014
ajp.amjpathol.org - The American Journal of Pathology

http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref1
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref2
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref3
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref3
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref3
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref3
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref4
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref4
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref4
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref4
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref5
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref5
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref5
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref5
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref5
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref6
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref6
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref6
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref6
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref7
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref7
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref7
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref7
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref7
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref8
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref8
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref8
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref8
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref8
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref8
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref9
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref9
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref9
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref9
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref9
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref9
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref10
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref10
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref10
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref10
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref10
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref10
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref11
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref12
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref12
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref12
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref12
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref12
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref12
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
http://refhub.elsevier.com/S0002-9440(22)00205-X/sref13
https://doi.org/10.1016/j.ajpath.2022.06.014
http://ajp.amjpathol.org

